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I n  extending our previous experiments on VEflp! o s c i l l a t i o n s  

i n  a Penning Gauge, we have assembled equipment t o  record s i m -  

ultaneously t h e  frequency spectrum of t h e  o s c i l l a t i o n s ,  t h e  d is -  

charge c u r r e n t ,  and t h e  gas pressure.  

magnetic f i e l d  and anode voltage fixed and var ied  t h e  anode 

vol tage  synchronously with t h e  motion of t h e  recording f i lm  (used 

f o r  t h e  o s c i l l a t i o n  spec t ra )  and char t s .  The s y s t e m ,  which may 

be of u s e  i n  o the r  experiments, i s  described and t y p i c a l  data 

In  use,  w e  have held t h e  

recorded f o r  t h e  Penning Gauge are shown and discussed b r i e f l y .  
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In extending our s t u d i e s  of t h e  V.H.F. o s c i l l a t i o n s  i n  t h e  

Penning ionizat ion gauge, w e  have developed a system for simul- 

taneous ly  recording seve ra l  of t h e  parameters involved. 

t y p i c a l  of discharge phenomena, the proper t ies  of the  gauge are 

only moderately s t a b l e  and it thus  becomes necessary t o  abandon 

point  by point  procedures i n  favor of automatic recording. 

As is 

The s y s t e m  which w e  have designed is  of use i n  t h e  study of 

phenomena i n  which an  accurate, permanent record of t h e  V.H.F. 

spectrum as a funct ion of some var iab le  is desired. 

Figure 1 shows t h e  basic  sys tem.  The dependent parameters 

which are reducible  t o  a voltage are recorded on standard s t r i p  

char t  recorders. In case t h e  independent parameter i s  not  l i n e a r  

i n  t i m e ,  a marker generator  for t h e  independent va r i ab le  is pro- 

vided. Markers are fed t o  the  recorders through i s o l a t i o n  cir- 

c u i t s .  The R.F. s igna l  from t h e  discharge is fed t o  t h e  spectrum 

analyzer. The horizontal  output of t h e  analyzer is used t o  sweep 

an osci l loscope v e r t i c a l l y .  The v e r t i c a l  s i g n a l  from t h e  spectrum 

analyzer is amplified and markers are superimposed on t h e  s ignal .  

This  is then used t o  in t ens i ty  modulate the oscilloscope trace. 

The d isp lay  is t hus  a v e r t i c a l  l i n e  with po in t s  whose pos i t ion  

and width correspond t o  t h e  frequency and width of t h e  oscil- 

l a t ions .  

tude of t h e  s ignal .  

The i n t e n s i t y  of the  spot is proport ional  to  t h e  ampli- 

I f  the  osci l loscope is now viewed by a moving 

f i l m  (synchronous w i t h  a change of t he  independent var iab le)  a 

record of t h e  frequency, width, and amplitude of t h e  o s c i l l a t i o n s  

is obtained. 

our experiments have been on a Penning gauge which cons i s t s  of 

t w o  c i r c u l a r ,  aluminum cathodes a t  t h e  ends of a right c i r c u l a r  

conducting cy l inder ;  these  a r e  operated a t  ground poten t ia l .  A 
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p o s i t i v e  high voltage is applied t o  a c i r c u l a r  w i r e  anode which 

is located symmetrically i n  t h e  center  of t he  cyl inder .  The 

system is operated at pressures  of the order of one micron of 

mercury and with an axial  magnetic induction of the  order of 

200 gauss. 

Cur  prime concern in the  development of the  system w a s  t o  

obtain volt-ampere and o s c i l l a t i o n  c h a r a c t e r i s t i c s  of t he  d is -  

charge i n  regions at w h i c h  o s c i l l a t i o n s  occurred. W e  also needed 

a record of the  pressure because many of t h e  observed effects 

could be a t t r i b u t e d  t o  pressure va r i a t ions  and w e  wished t o  d is -  

regard these. 

The experimental arrangement is shown i n  Figure 2. The anode 

is coupled to  t h e  power supply through a R.F. choke; a series 

resistor is used t o  measure t h e  current  which is recorded on a 

s t r ip-char t  recorder.  The  pressure s igna l  from an Alphatron 

gauge I s  recorded on a n  ident ica l  recorder. 

be swept through 500 v o l t s  by varying an ex terna l  res i s tance .  

Voltage markers are produced by a series of Schmitt trigger c i r c u i t s  

and impressed on t h e  two recorders. The spectrum analyzer is coupled 

t o  the  anode through a capacitor. I t  is connected t o  an osci l loscope 

i n  t h e  manner described above. 

i n  t i m e  to  the retrace of t h e  osci l loscope and t h u s  appear at a 

s p e c i f i c  pos i t ion  on t h e  next trace. This  w a s  necessary i n  order t o  

avoid confusion w i t h  t he  spectrum. The error it introduces is less 

than the accuracy of t h e  recorders. A precis ion potentiometer is 

coupled t o  t h e  camera d r ive  and is used to  sweep t h e  power supply 

i n  a t r i angu la r  waveform. 

The power supply can 

The vol tage markers are referenced 

-4- 



6 

I 
r /  
I 

C K  t g  
w a  

c 



. 
Figure 3 shows a series of spectra  which were obtained with 

t h i s  system. The t w o  bottom traces were made under i d e n t i c a l  

conditions and show two d i f fe ren t  port ions of t he  spectrum. 

sweep width of each is 20 megacycles/second and t h e  center  fre- 

quencies are: 

The 

bottom trace--- 350 megacycles/second 

second trace--- 520 megacycles/seoond 
180 

en t h e  spectrum analyzer which we used, t h e  t w o  lowest ranges 

overlap and thus t h e  t w o  s igna ls  are on separate bands. Frequency 

increams from the bottom of a l l  traces and voltage va r i e s  from 

r i g h t  t o  left. 

2900 - 2700. 

The voltage on the bottom two traces is 2700 - 
The top four  spectra were s i m i l a r l y  d i f f e r e n t  regions 

of the spectrum w i t h  a l l  other parameters constant. From top  t o  

bottom t h e  center  frequencies are 360, 240, 560, (370 or 105) 

megacgcles/second. The sweep width w a s  70 megacycles/second and 

t h e  voltage varied from r ight  t o  l e f t  1800 - 2300 - 1800. 
Figure 4 shows the current ,  pressuqe, and spectrum for another 

set of discharge parameters. The pressure and current traces were 

made at t h e  Same t i m e  as the lower spectrum and are e s s e n t i a l l y  

t h e  same as the ones which correspond t o  the upper film. 

Cne purpose of these invest igat ions was t o  ve r i fy  t h e  assump- 

t i o n  t h a t  the o s c i l l a t i o n s  could be in te rpre ted  as a coupling of 

t he  longi tudinal  e lectron osc i l l a t ions  with the  plasmaguide modes 

of t h e  cavity.  That is, w e  wished t o  inves t iga te  the  e f f e c t s  

produced as one o s c i l l a t i o n  frequency w a s  swept through t h e  other.  

Although sweeping t h e  voltage a f f e c t s  t h e  discharge modes through 

the  e lec t ron  dens i ty ,  its principe3, e f f e c t  is on the longi tudinal  

e lec t ron  osc i l l a t ions .  These in t e rac t ions  should manifest t h e m -  

se lves  as frequency "pulling" or mode jumps. Figure 5 ,  which is 
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a reproduction of the uppermost f i l m  in Figure  3, s h o w 8  both the 

increaeing and decreasing voltage versus  frequency curves super- 

imposed. 

behavior expected from coupled oscillators. 

plot  of one of t h e  o s c i l l a t i o n s  of Figure  4. 

more proncmced when the voltage is increasing. 

o s c i l l a t i o n s  exh ib i t  t h i s  characteristic, but it is qu i t e  repro- 

ducib le  on those that do. 

great detail so t h e  r e s u l t s  are very q u a l i t a t i v e .  

The two frequency jumps q u a l i t a t i v e l y  agree w i t h  the  

Figure 6 is a s i m i l a r  

The e f f e c t  is usual ly  

N o t  a l l  of t h e  

This effect has  ye t  t o  be studied i n  
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